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Abstract
To explore the sandy beach sorting and sedimentary characteristic induced by wave action, a set of 2D wave flume experiments
on a sandy beach were performed. The initial beach slope with non-uniform sand of combination of 1/10 and 1/20 was exposed
to regular waves, random waves, cnoidal waves and solitary waves respectively. The evolution of cross-shore beach profiles
and the grain size of sediments in different locations were measured and recorded. Experimental results show that the sediments
of sandy beach under wave action produced obvious sorting phenomenon. The intense turbulence generated by breaking waves
leads to the sediment-transporting, and provides the impetus for the movement of fine sands. Course sands deposited in intense
turbulence deposition area because of carrying capacity of the flow is not enough due to turbulence effect. Fine sands were
carried by the flow induced by breaking waves, and separately deposited in the area of weak turbulence.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
Sandy beach sorting and sediment characteristics are related to the nature of the sediment supplied by rivers,
from the adjacent cliffs and foreshore, or brought in from offshore or alongshore sources (Çelikoğlu et al., 2006).
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The grain size and sorting are textural parameters of modern sediments and constitute an important aid to infer
analogous ancient sedimentary environments (Edwards, 2001). At some locations pebble and rock beaches are
adjacent to sandy beaches and on sandy beaches one notices variations in ‘‘sediment’’ composition along and
across the beach: fine and coarse sands, placers of heavy minerals, concentrations of shells and driftwood and man-
made materials such as shoes and bottles (Meijer, et al., 2002).
These observations indicate that transport processes depend on the variables as size, density, shape and
roundness of grains. Describing transport of a set of spherical grains with one particular diameter is already
complicated enough and many models for calculating transport of sediments or of seafloor morphology ignore
effects that can occur when sediments with different properties are graded. Many field studies contradict this
assumption. Gallagher et al. (1998) found that sediment grain size variation across the surf zone was an important
factor in predicting profile evolution. MacMahan et al. (2005) found that surface sediment grain size varies
depending on location in a rip current cell, potentially enhancing the morphodynamic feedback. McNinch (2004)
found that the underlying geologic framework is exposed near hot spots (locations where the beach erodes
dramatically, List et al., 2006) and hypothesized that different substrates cause anomalous near shore processes
such that wave attack is greater adjacent to the exposed substrate. Ardhuin et al. (2002) found that wave orbital
ripple patchiness on the continental shelf is associated with grain size variations. Trembanis et al. (2004) found that
different ripple regimes, immediately adjacent to one another, were associated with different grain sizes. They also
found that the wave friction factor (estimated from vertical velocity fluctuations) was significantly different for the
two regimes and that it changed during storms.
Basically, the cross-shore grain size distribution depends on the composition of various sediment sources and
the energy level of the wind wave forces in a particular environment and the tides in tidal environments. Generally,
observations in the field indicate that cross-shore grain size is greatest near the trough of bar-type beach profiles.
Fine sediments have been observed over the bar crests in the surf zone, where the waves break in nature. During a
storm the layer of fine sands may be removed and carried away to offshore locations. Beach material also shows
vertical lamination (Jackson and Nordstrom, 1993; Parker, 1992; Sherman et al., 1994). Medina et al. (1994), using
field data, indicated that the sediment grain-size distribution varies markedly along a beach profile both spatially
and temporally. These variations were shown to be strongly related to morphological changes in the beach profile.
In this paper, we attempt to explore the sandy beach morphology and sorting characteristic induced by wave
action and cross-shore sorting of sediment, a set of 2D wave flume experiments on a sandy beach were performed.
Non-uniform sand slope was used to generalize the sandy beach, which were exposed to the regular waves and
cnoidal waves respectively. The evolution of cross-shore beach profile and the grain size of sediment in different
locations were measured and recorded. Experimental results show that sandy beach profiles under regular waves
and random waves could present as sandbar and beach berm profiles, which was affected by some certain factors,
such as wave type, wave height, wave period, etc.
2. Experimental description
2.1. Experimental setup
The experiments were carried out in a wave flume, 40 m in length, 0.80 m in depth and 0.50 m in width,
equipped with sponge absorption for the control of wave generators in wave flumes. This setup makes it possible
for simultaneous generation of desired incident waves and absorption of the associated reflected waves. The test
setup is illustrated in Figure 1. Waves were produced by a piston-type wave generator.
For the convenience of describing the sand beach and the arrangement of the measuring devices, a flume
coordinates system was been noted. The x-axis is aligned with the cross-shore direction, with the positive direction
pointing the wave propagation and x=0 defined at the toe of sandy beach slope. The z direction is aligned in the
vertical direction and is positive pointing upward with z=0 defined at the bottom of the basin. The y axis is aligned
with the longshore direction. The sensors are numbered sequentially with ascending xOz coordinate.
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Figure 1 Experimental Setup
The beach (with a combinational slope of 1:10 and 1:20) was formed with 1.81 m3 (after preliminary sieving) of
natural Xiangjiang River sand. Sieve analysis was performed on the sand samples, and the grain-size distribution
obtained from the test is shown in Figure 2. The grain size were being the mean median diameter d50=0.363 mm,
the geometric standard deviation
84 16d dσ  = 1.824, the specific gravity 2.65s  , and the fall velocity
2.39w  cm/s. The sand bed thickness was practically nil at the toe while it was 65 cm at the end of the beach, 9.5
m from the toe. Fresh water (from the city tap) was used in the experiments. The nominal water depth were 0.30 m,
0.35 m and 0.40 m with a maximum deviation of ±1 mm. Actual water depths were recorded before each wave.
Figure 2 The grain-size distribution of three samples of the sand used in this experiment
Three kinds of measurements were made: water surface elevation measurement, fluid velocity measurement
and beach profile measurements. Eleven capacitance wave gauges and non-contact ultrasonic displacement gauges
were used to measure water surface elevations and wave heights at the wave maker and along the flume, of which
seven were resistance-type wave gauges (WG, RBR Inc.) and four were ultrasonic wave gauges (UWG, Sinfotek
Ltd.). The resistance-type wave gauges were deployed seaward of the shoreline from x= -18 m to x=2.5 m and the
ultrasonic wave gauges were installed landward of the shoreline, from x=2.5 m to x=4.0 m. Acoustic-Doppler
velocimeters (ADV, Nortek Vectrino) were deployed to measure the near-bed fluid velocities on the breaking
point. The ADV was kept at approximately 5 cm above the bed by adjusting their vertical positions in between the
runs. That specific locations were been moved according the change of experimental condition. The beach profile
was measured using the URI-IIIU ultrasonic topographic instrument (UTI, Wuhan University Electronic
Information Institute), which has measurement accuracy up to ±1 mm. Video capture was used to record the whole
experiment process. Two cameras (Pro C920 HD Webcam, Logitech Inc.) were located at one side of the wave
flume to record the whole experiment process, such as wave uprush and backwash, sediment movement and beach
profile changes. The locations of cameras needed to be slightly adjusted for each case.
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2.2. Wave conditions
The experimental program was divided into four series (regular waves, random waves, cnoidal waves and
solitary waves), and within each test series, a number of different wave cases were generated (Table 1). Wave
conditions were chosen according to the ability of wave generator and comparative analysis in different cases and
the basis of previous experiments in wave flume. Typical erosion/accretion threshold criteria based on the relative
fall velocity also were being considered, and the final profiles and net sediment transport are consistent with these
initial estimates. In this study, regular waves, random waves, cnoidal waves and solitary waves were been chosen
to impact the sandy beach, which to investigate the evolution rule of sandy beach profile under wave action.
Table 1 Experimental conditions
Case No. Wave Type Water Depth h(m) Wave Height H(m) Wave Period T(s)
1 Regular waves 0.35 0.05 1.0
2 Regular waves 0.35 0.12 1.0
3 Regular waves 0.35 0.14 2.0
4 Random wave 0.35 0.05 1.0
5 Random wave 0.35 0.06 1.0
6 Random wave 0.35 0.11 2.0
7 Cnoidal wave 0.35 0.05 2.0
8 Cnoidal wave 0.35 0.14 2.0
9 Cnoidal wave 0.35 0.14 3.0
10 Solitary wave 0.35 0.05 -
11 Solitary wave 0.35 0.13 -
3. Experimental results and discussions
The profile shapes of sandy beach under different kinds of wave action may be very distinct, as illustrated in
Figure 3, which shows the corresponding topography changes in different stages compared to the initial
topography. The results of sandy beach profile evolution under different wave actions are related to the factors
such as wave types, wave height and period.
Figure 3 Experiment results of bed profiles changes(a: Regular waves, H=0.12m, T=1s; b: Cnoidal Wave, H=0.14m, T=2s; c: Solitary Wave,
H=0.13m)
From figure 3(a) and figure 3(b), the beach profiles presented as the sandbar and beach berm under regular
waves and cnoidal waves respectively, both beach erosion area locating near the wave breaking zone. Because of
the influence of strength and period of wave action, the sediments were carried and transported by the breaker flow,
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then formed different beach profiles. Figure 3(c) shows that the beach profile presented as the sandbar under
solitary wave action. As the number of solitary wave increasing, the sandbar moves to the offshore and tends to
balance.
The sediments were raised and transported by the wave and flow. Different size of sediments were transported
easily or difficult under hydrodynamic function (course sands are difficult and fine sands are easy to carry.), which
contributes to the sediment sorting.
Figure 4 Spatial evolution of beach profiles change and the sample results of sediment
It can be seen thatunder the action of regular waves, rather course sands on the bed surface located on the
water jets area after wave breaking, In this area, the beach was eroded into a sand tank by strong water turbulence,
and course sands gathered in this area. While the fine sand deposited near the sandbar, the offshore area and the
wave-oriented side of the back-berm.
In the severe turbulence area, the phenomenon of sediment incipient motion is obvious, showing as the
transportation of a large amount of fine sands and settling of coarse sands. The reason is that the sand carrying
capacity of rolling flow is not enough to transfer the course sands, only carrying the suspended fine sands to the
offshore. And the fine sands settled in the offshore finally.
The experiment phenomenon is similar with Celikoğlu's separation test results of the beach sand bed under
regular wave action (2006). Some basic rules of sediment movement can be found from both this and former
studies: fine sands can be sieved from the sand bed and carried to the weak turbulence area under the severe
turbulence. The transport process created the coarsening of sediment in intense turbulence area.
Figure 5 The schematic diagram about the influence of seepage to sediment
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As shown in Figure 5, the wave spreads from the offshore to shallow water, and water infiltration happens
because of the existence of gaps between particles on the sand bed. During the up-rush phase, as shown in Figure
5(b), water infiltrated the surface of the sand bed, and the infiltration flow with fine sediments permeate into the
pores. While in the back-wash stage, as shown in Figure 5(c), the large size sediments on the bed surface were
transported by the back-wash under the influence of seepage flow. While small size particles stayed in the gaps for
the shelter actions of large size sediments.
As shown in Figure 5, as the wave spreads from the offshore to shallow water, water infiltration happens
because of the existence of gaps between particles on the sand bed. During the up-rush phase, as shown in Figure
5(b), water infiltrates the surface of the sand bed, and the infiltration flow permeates into the pores with fine
sediments. In the back-wash stage, as shown in Figure 5(c), the large size sediments on the bed surface were
transported by the back-wash under the influence of seepage flow, while small size particles stayed in the gaps for
the shelter actions of large size sediments.
4. Conclusions
To explore the sandy beach sorting and sedimentary characteristics induced by wave action, a set of 2D wave
flume experiments on a sandy beach were performed. The initial beach slope with non-uniform sand of
combination of 1/10 and 1/20 was exposed to regular waves, random waves, cnoidal waves and solitary waves
respectively. The evolution of cross-shore beach profiles and the grain size of sediments at different sections were
measured and recorded.
Experimental results show that sandy beach profiles could present as different sandbar and beach berm profiles
after regular waves, random waves, cnoidal waves and solitary waves respectively, which were affected by some
factors, such as wave type, wave height and period. Obvious sorting phenomenon of the sediments of sandy beach
occurred under wave action. What's more, the influence of seepage force of the breaking waves cannot be ignored.
The intense turbulence generated by breaking waves leads to sediment transporting and provides power for the
movement of small size particles. The course sands were deposited in the intense turbulence area, for the reason
that carrying capacity is not enough due to the turbulence effect. On the other hand, fine sands were carried by the
flow and deposited separately in the weak turbulence area.
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